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Supplemental Figure 1. Characterization of Rd2 LPS from E. coli F583. (A) MALDI mass 
spectrum of Rd2 LPS from E. coli F583 with m/z values of the main peaks indicated. (B) 
Zinc-imidazole-stained SDS-PAGE gel with di�erent amounts of Rd2 LPS from E. coli 
F583 applied to lanes as indicated.
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Supplemental Figure 2. Chemical shift perturbations in 15N-1H TROSY spectra upon addition 
of Rd2 LPS from E. coli F583 to 2H-,13C-,15N-labeled OprHΔL1ΔL4 in DHPC micelles. (A) 15N-1H 
TROSY spectrum of 0.2 mM OprHΔL1ΔL4 (black) in DHPC micelles overlaid onto the spectrum 
of OprHΔL1ΔL4 in DHPC:Rd2 LPS mixed micelles (red, 10:1 Rd2 LPS:OprH molar ratio). (B) 
Compound chemical shift changes ∆δcomp=[∆δ2

HN + (∆δN/6.5)2]1/2) resulting from the addition of 
2 mM Rd2 LPS (black) relative to the chemical shifts of 0.2 mM OprHΔL1ΔL4 in DHPC only. 
Unassigned residues are marked with blue ticks, and removed loop residues are marked with 
green ticks. 



PA      -MKALKTLFIATALLGSAAG---VQAADNFVGLTWGETSNNIQKSKSLNRNLNSPNLDKVIDNTGTWGIRAGQQFEQGRYYATYENISDTS-SGNKLRQQNLLG 
PT      -MTHMKKLLLAFTVLGASAM--AH-ADDNFASLTLGQTSDKVKKSSALDQALNNPNADGVIGKDTTYGLRLGKQNDQGRYYATYDNVSGTH-NGIKLRQENLLG 
PC      -MTHMKKLLLAFTVLGASAM--AH-ADDNFASLTLGQTSDKVKKSSALDQALNNPNADGVIGKDTTYGLRLGKQNDQGRYYATYDNVSGTH-NGIKLRQENLLG 
PI      -MTHMKTLLLAFTVLGASAM--AH-ADDNFASLTLGQTSDKVKKSSALNQNLNNPNADGVIGKDTTYGLRLGRQNDQGRYYATYDNVSGSH-NGIKLRQENLLG 
PU      -MTAMKKLLLAFTVLGASAM--AH-ADDNFASLTLGQTSDKVKKSDALNDNLNHPNADGIIGKDTTYGIRLGKQNDQGRYYATYDNVSGTH-NGIKLRQENLLG 
PB      -MTSMKKLLLAFTVLGASAM--AH-ADDNFASLTLGQTSDKVKKSDALNDNLNHPNADGIIGKDTTYGVRLGKQNDQGRYYATYDNVSGTH-NGIKLRQENLLG 
PZ      -MTGFKKLLLAFTVLSASTA--AFASDDNFASLTFGQTSDKVKKSHALNDNLNSPNADGVIGKDNTWGVRLGQQNSQGRYYATYDNVSGSH-NGIKLRQENLLG 
PG      -MTSLKKLFLAFTVFGASAA--AQAADSNFVGLSFGQTSDKINKSSQLNSNLGHPNADGVIGKDNTWGVRAGQQNDQGRYYATYDYVSGSH-NGIKLRQQNLLG 
PH      -MTTFKKMILAFTVLGASAV--VQAADSNFASLTYGQTSDKVKKSSLLNSNLNNPNADGVIGKDNTWGVRLGQQNDQHRYYATYDNVSGSH-NGIKLRQENLLG 
PV      -MKALNTLMVAMAVCASGFTA-TSQADDTFASVTYGQTSDKIRKSGLLQRNTDHLNTDGIINKDGTWGLRVGQMNDQGRYYLTYDNVSNSH-SGIKLRQENLLG 
PJ      -MKSLNTLLAAMTFLGASMA--VQAADDTFASVTYGQTSDKVRKSGLLDQNIGHVNTDGIIGKDDTWGVRLGRINDDGRYYATYDNVSGTH-NGLKLRQENLLG 
PY      -MKALNTLFLAVAFFGASAA--VQAADTTFAGVTYGQTSDKIKKSGLLSSNTDHLNTDGIISKDGTWGVRVGQMNDQGRYYLTYDNVSNDH-SGLKVRQENLLG 
PW      -MKTLNTLMVAMAVCAASLT--AQAADDTFASLTYGQTSDKVRKSGLLQRNTDHLNADGIIGKDGTWGVRVGKINDDARYYLTYDNVSGDH-SGIKLRQENLLG 
PS      -MNKLHTLAIATSL---SLFTLGAHAAENFVGLTWGESTANIDRSSTLKQNMGSDRFDDVIKNSGTWGIRAGQMTDEGRYYATYENVSDDYGNTLKLRQQNLIG 
PE      MKNTLKILAAGTTL---AFASVSAHAADNFVGLTWGETSNNVQRSGSLKQNLPNQNFDRVIDDSSTWGIRAGQKTDAGRYYATYENQSGTS-GPFKLRQQNLLG 
PX      MKATLTKLALATSLVFGA--AATAHADNNFAGFTWGQTSNNIQKSDALNANLGNPNFDSVINNESTWGIRAGQQNDAGRYYGTYEYISGSN-NGLKLRQQNLLG 
PO      MTLNLNRIALATLL---SVGAVSAQAADNFVGLTFGQTDNNVQKSSSLNANLGNPNLDKVIDNKSTWGVRAGQQREASRYYATYENVSDSN-GGYKLRQQNLLG 
PM      MKTTLNRIAFATCL---ALGATAAQANDTFIGLTWGQTDNNIQKSSALNANLGNPKLDKVIDDKSTWGVRVGQKTADGRYYATYENVSDSH-NGYKLRQQNLLG 
PP      MKITLNRIAFATCL---ALGASAAQANDNFVGLTWGQTDNNIQKSNALNANLGNPKLDKVIDGEGTWGIRAGQTTADGRYYATYENVSDSH-NGYKLRQQNLLG 
PL      MKITLNRIAFATCL---ALGATVAQANDNFVGLTWGQTDNNIQKSNALNANLGNPKLDKVIDGEGTWGIRAGQKTADGRYYATYENVSDSH-NGYKLRQQNLLG 
PR      MNHTLSRIALASAL---AFAAVGAQAADNFVGLTWGQTNNNIQKSDSLNANLNNPSLDKVIHKTDTWGVRAGQQHDSGRYYMTYENFSDSD-SGYKLRQQNLLG 
PF      MKKILNPLALATTL---GFTALSAQAAEPFVGLTWGQTNNNIQNSSALNANMDHPSLDKVIHKTGTWGIRAGQADDKGRYYATYENFSDTH-SGNKLRQQNLLG 
PK      -MKTLKKLALATAILGASIGM--AQASENFVGLTWGETSNNIQKSADLNRNLNDPKLDSVINNSSTWGVRAGQQNEQGRYYATYENTSDTY-SGMKLRQQNLLG 
PN      -MKAMKKIALASAILGASVAATAANAADTFVGMTWGETSNNIQKSDALNRNLNNPKFDSVINNSGTWGVRAGQQMEQGRYYVTYENVSDTE-NGLKLRQQNLLG 
PD      -MKTMKKIALASAILGASVAATAASAADTFVGMTWGETSNNIQKSDALNRNLGNPKFDSVINNSGTWGVRAGQQMEQGRYYVTYENVSDTD-SGLKLRQQNLLG 
            :  :  .  .           :   * ..: *::  :: .*  *.        * :  *    *:*:* *:     *** **:  *       *:**:**:* 

 
 
PA      SYDAFLPIGDNNTKLFGGATLGLVKLEQDGKGFKRDSDVGYAAGLQAGILQEL-SKNASIEGGYRYLRTNASTEMTPHGGNKLGSLDLHSSSQFYLGANYKF 
PT      SYDLFYPVTGS-TKLFGGATAGLTKVTQDSPGFSRDSDIGFTAGLQGGVLQQI-SQNTSVELGYRYLRSNASTEMSPHGGDKVGSLDLTSSAQTYLSANYTF 
PC      SYDLFYPVTGS-TKLFGGATAGLTKVTQDSPGFSRDSDIGFTAGLQGGVLQQI-SQNTSVELGYRYLRSNASTEMSPHGGGKVGSLDLTSSAQTYLSANYTF 
PI      SYDVFYPVTSS-TKLFGGGTAGLTKLTQDSPGFSRDTDIGYAVGLQGGVLQQI-SQNTSVELGYRYLRSNASTEMSPHNGAKVGSLDLTSSAQTYLSANYTF 
PU      SYDVFYPVTST-TKLFGGGTAGLTKLTQDSPGYSRDSDIGYAVGLQGGVLQQI-SQNTSVELGYRYLRSNASTEMSPHGGDKVGSLDLTSSAQTYLSANYTF 
PB      SYDVFLPVTSS-TKLFGGGTAGLTKLTQDSPGFSRDSDIGYAVGLQGGVLQQI-SQNTSVELGYRYLRSNASTEMSPPGGAKVGSLDLTSSAQTYLSANYTF 
PZ      SYDLFYPVGGS-TKLFGGATAGLTKMTQDSPGFSRDSDIGYALGGQLGVLQQV-SQNTSVELGYRYLRSNASTEMSERGGSKQGSLDLTSSAQTYLSANYAF 
PG      SYDMFLPVTSS-TKLFGGGTAGLTKLTQESPGFSRDSDIGYAVGVQAGVLQQV-SQNTSVELGYRYLRSNAGTEMSERGGSKQGSLSLTSSAQTYLSANYAF 
PH      SYDVFLPVTSS-TKLFGGGTAGLTKLTQDSPGFSRDSDIGYAVGVQAGVLQQV-SQNTSVELGYRYLRSNASTEMSEHSGSKQGSLSLTSSAQTYLSANYAF 
PV      SYDLFLPVTDT-AKLFGGASLGMTKMTQTSSGYSRDTNYGYAAGLQAGVIQQV-TDNTSVELGYRYLRTNASTELTPHAGNKEGALRLTSSAQTYLAATYKF 
PJ      SYDLFYPLGNS-TKLFGGASAGLTKLTQDSPGASRDSDIGYAVGLQGGVLQQV-SDNASVELGYRYLRSNASTELAEHAGDKLGSLRLTSSAQTYLSANYRF 
PY      SYDLFYPLGNS-TKLFGGASAGLTKLSQESSGYSRDTDTGYAIGLQAGLLQQV-TDNTSVELGYRYLRSNASTELAEHGGPKVGTLRLDSSAQTYLSANYAF 
PW      SYDAFLPVGDT-TKLFGGGSLGLTKLSQESSGYSRDTDVGYAVGLQAGVLQQI-TNNASVELGYRYLRSNASTELAEHGGPKAGTLRLTSSAQTYLSANYTF 
PS      SYDMFLPLGDT-TRLFGGASAGLTKLENESSGYRRDSDIGYLVGLQAGILQNV-GAKASIEAGYRYLRSNAGTEVAEHGVGKIGSIDLHSSKQAYLGVNYHF 
PE      SYDAFVPIAER-TNLFVGGTLGLIKLEQESTGFSRDSDIGYAAGVQAGLLHQVANTNASVEGGYRYLRSNASTDLNPRGGSNLGSLDLKSSEQFYIGVNYNF 
PX      SYDAFLPLNENGTKLFGGGTLGLVKLEQNSSGVSRDTNVGYAAGLQAGLLQEV-NENASIEGGYRYLRTNASTEFAPHGEGKVGSLDLHSSGQWYLGANYKF 
PO      SYDMFLPVGDNNTKLFGGATAGLVKLEQESSGFRRDSDIGYAVGLQAGILQQL-SSKASIEGGYRYLRTNASTEMVPHGAAKAGSLDLHSSAQFYLGANYAF 
PM      SYDMFVPLGDNNTKLFGGVTAGLVKLEQESSGFSRDSDIGFAAGLQAGILQEL-NNNASIEAGYRYLRTNASTEMAPHGQPKAGSLDLHSSSQLYLGANFAF 
PP      SYDMFVPLGSNNTKLFGGVTAGLVKLEQESRGFSRDSDIGFAAGLQAGILQEL-NSNTSIEAGYRYLRTNASTEMAPHGADKVGSLDLHSSSQLYLGANFAF 
PL      SYDMFVPLGSNNTKLFGGVTAGLVKLEQESRGFSRDSDIGFAAGLQAGILQEL-NSNTSIEAGYRYLRTNASTEMAPRGEGKAGSLDLHSSSQLYLGANFAF 
PR      SYDVFVPVGDYNTKLFGGATLGLVKLEQESKGMSRDSNINYAAGLQAGILQDL-SKSASIEAGYRYLRTNVSTDMGEHGGPRLGSLDLHSSGQAYLGANYKF 
PF      SYDLFLPLGDNNTKLFGGATLGLVKLEQDGSGLRRDSDIGYAAGLQAGILQEL-NKNTSIEAGYRYLRTNASTEVAPHGGPKLGSLDLHSSSQAYVGATYKF 
PK      SYDAFLPINEQGTKLFGGGTVGLTKLEQESRGFKRDSDVGYAIGAQAGVLQDI-GKNASIEGGYRYLRTNASTEMSPHGGSKVGSLDLHSSSQIYLGANYRF 
PN      SYDAFLPLGDQGTKLFGGGTAGLVKLEQDSKGYSRDSDVGYAIGAQAGILQEL-GKNASVEGGYRYLRTNASTEMSPHGGSKVGSLDLHSSSQFYLGANYKF 
PD      SYDAFLPLGDQGTRLFGGGTAGLVKLEQDSKGYSRDSDVGYAIGAQAGILQEL-GKNASVEGGYRYLRSNASTEMSPHGGGKVGSLDLHSSSQFYLGANYRF 
        *** * *:    :.** * : *: *: : . *  **::  :  * * *:::::   .:*:* ******:*..*:.      . *:: * ** * *:...: *
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Supplemental Figure 3. Clustal Omega alignment of OprH from P. aeruginosa and other 
closely related outer membrane proteins. Absolutely conserved residues are marked in the 
bottom line with “*”, highly conserved residues with “:”, and partially conserved with “.”. 
Absolutely conserved Lys and Arg residues localized in loops 2 and 3 and in strand 7 are 
highlighted in red. β-strands are indicated with arrows above the sequences. Residue 
R142, although conserved, is not highlighted because it is facing the lumen of the barrel 
and therefore cannot interact with LPS.
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Supplemental Figure 4. 15N-1H TROSY spectra of 15N-labeled OprH, OprH-R72Q, 
OprH-R72Q/K103Q and OprH-K70Q/R72Q/K103Q in DHPC micelles (black), overlaid onto the 
spectra of corresponding proteins in DHPC:Kdo2-lipid A mixed micelles at 10:1 Kdo2-lipid 
A:protein molar ratio (red). 


